Abstract -The aim of this study was to determine total phenolics (TP) content, total flavonoids (TF) level, and antioxidant activity of methanol extracts from leaf parts of 15 Vietnamese wild plants. TP content showed the highest amount in methanol extracts from Altenanthera sessilis (409.7 ± 1.4 ppm), and followed by Eclipta prostrata (183.6 ± 3.8 ppm) and Cassia tora (159.3 ± 5.7 ppm). The highest TF level also was found in A. sessilis (156.3 ± 1.7 ppm), followed by E. prostrata, and C. tora, showing similar tendency to TP. Methanol extracts of A. sessilis, E. prostrate and C. tora at 1000 ppm exhibited the highest DPPH radical scavenging activity by 94.5, 92.6 and 92.7%, respectively. The methanol extracts from A. sessilis showed the highest ABTS and nitrite scavenging activities by 97% and 92%, respectively. The highest correlation coefficient (r 2 ) was 0.9522 between TP and TF, and followed by 0.8919 between DPPH and ABTS activities. However, polyphenols and antioxidant activities showed low correlation coefficients, ranging from r 2 =0.4114 to 0.4826. It was concluded that Vietnamese wild plants contain polyphenol compounds with antioxidant activities depending on plant species.
Introduction
Some higher plants possess important bioactive properties including antioxidant, anti-inflammatory, anticancer and antidiabetic (Yang et al., 2006) . Recently, there has been a worldwide trend towards the use of wild plants do to their bioactive phytochemicals and first of all phenolics (Watanabe et al., 2007) . Phenolic compounds are secondary metabolites that are synthesized by plants during normal development and in response to stress conditions such as infection, wounding, and UV radiation (Canter et al., 2005) . These compounds occur ubiquitously in plants and are a diversified group of phytochemicals derived from phenylalanine and tyrosine (Shahidi and Naczk, 2004) .
Free radical scavenging is generally the accepted mechanism for antioxidants inhibiting lipid oxidation are important not only for food protection but also for the defense of living cells against oxidative damage (Mastaloudis et al., 2004) . Therefore, now not only antioxidants of natural products, but also synthesized antioxidants are widely used (Haruenkit et al., 2007) . The toxic and other unfavorable effects of synthesized food antioxidants have been noted (Aggarwal and Shishodia, 2006) . Phenolic compounds, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tert-butylhydroquinone (TBHQ), have been widely used as synthetic antioxidants in food. Although those antioxidants are considered as safe as natural antioxidants, they do not always provide effective protection against oxidation in vitro (Frankle, 1980) . Nevertheless, these phenolic antioxidants are still used extensively as food antioxidants because of their low cost. However, when these phenolic antioxidants were administered in doses of 50 mg/ kg/day to rodents and monkeys, certain pathological changes including enzyme and lipid alterations as well as carcinogenic effects have been observed (Branen, 1975) . Therefore, research on new natural antioxidants must be considered to pose no health risk to consumers (Wanasundara et al., 1997) . Korean J. Plant Res. 24(6) : 659～665 (2011) Original Research Article Vegetables, fruits and whole grains contain a wide variety of phytochemicals that have the potential to interfere with the development of cancer (Yang et al., 2006) . These phytochemicals are isothiocyanates (cruciferous vegetables), carotenoids including alpha-carotene, gamma carotene, beta-cryptoxanthin, zeatxanthin, rutin, lycopene (tomatoes), resveratrol (grapes and wine), ellagic acid (various berries), glutathione-S-transferase (garlic), diallyl sulphide (garlic), genistein (soybean), curcumin (turmeric), indole-3-carbinol, inositol, organosulfur compounds, sulforaphane, squalene and terpenes (Wattenberg, 1998) . Also successive intake of tea decreased the risk of various types of cancer (Suzuki et al., 2004; Sasazuki et al., 2004) . 
Materials and Methods

Chemicals
Folin-Ciocalteu reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), butylated hydroxytoluene (BHT), ascorbic acid and 2,2-azino-bis-(3-ethylbenzothiazoline-6-dulfonis acids) (ABTS) were obtained from Sigma Chemical Co., St. Louis, MO, USA.
All reagents were of analytical grade. Deionized and distilled water were used throughout. 
Plant material
Total phenolics content
The content of total phenolics (TP) was measured using the classical Folin-Ciocalteu assay (Singleton and Rossi, 1965) . 5 mL of Nanopure water, 0.5 -1.0 mL of sample and 1.0 mL of Folin-Ciocalteu reagent were added to a 25 mL volumetric flask. The contents were mixed and allowed to stand for 5-8 min at room temperature. Next, 10 mL of a 7% sodium carbonate solution was added, and followed by the addition of Nanopure water filled to volume. Solutions were mixed and allowed to stand at room temperature for 2 h. Sample aliquots were 
Total flavonoids level
The total flavonoid content (TF) of methanol extracts from the medicinal plants was determined according to colorimetric method as described by Bao et al. (2005) . In brief, 0.5 ml of sample solution was mixed with 2 ml of distilled water and subsequently with 0.15 ml of 5% NaNO2 solution. After 6 min of incubation, 0.15 ml of 10% AlCl3 solution was added and then allowed to stand for 6 min, followed by adding 2 ml of 4% NaOH solution to the mixture. Immediately, after water was added to the sample to bring the final volume to 5 mL, the mixture was thoroughly mixed and allowed to stand for another 15 min. The mixture absorbance was determined at wavelength 510 nm. The total flavonoid content was expressed in milligrams of rutin equivalents per gram of plant extracts. 
DPPH radical-scavenging activity
Free radical scavenging activity of the methanol extracts was determined using the classical 1, 1-diphenyl-2-picrylhydrazyl method (DPPH), because of his ability in a relatively short time compared to other methods to evaluate the antioxidative activities (Brand-Williams et al., 1995) . Each methanol extract at 1,000 ppm was added to a 1.5 x 10 -4 M solution of DPPH in methanol and the reaction mixture was shaken vigorously.
The amount of DPPH remaining was determined at 520 nm, and the radical scavenging activity was obtained from the following equation: Radical scavenging activity (%) = {(ODcontrolODsample) / ODcontrol} × 100.
ABTS free radical activity
The scavenging activity of the extracts from mushrooms on 2,2-azino-bis-(3-ethylbenzothiazoline-6-dulfonis acids) (ABTS) radical cation was measured according to method of Roberta et al. (1999) with some modifications. Briefly, ABTS radical cation was generated by adding 7 mM ABTS to 2.45 mM potassium persulfate solution and the mixture was left to stand for overnight in a dark place at room temperature.
The ABTS radical cation solution was diluted with distilled water to obtain an absorbance of 1.4-1. 
Nitrite scavenging activity
The nitrite scavenging activity (NSA) was evaluated using a UV-Visible spectrophotometer (UV-1601, Shimadzu) at a wavelength of 520 nm (Gray and Dugan, 1975) . One milliliter of 1 mM NaNO2 solution was added to 1 mL of each sample,
and pH values of the resulting mixtures were adjusted to 1.2, 
Statistical analysis
To verify the statistical significance, mean ± SD of three independent measurements were calculated. Differences between groups were tested by two-way ANOVA. When the means were significant at F-test, the means were separated by least significant difference (LSD) test. In the assessment of the antioxidant potential, Spearman correlation coefficient (R) was used. Linear regressions were also calculated. The p values of < 0.05 were considered significant (SAS Institute, 2000).
Results
Total phenolics content
Total phenolic content showed the highest amount in methanol extracts from A. sessilis (409.7 ± 1.4 ppm) and followed by E. prostrata (183.6 ± 3.8 ppm), C. tora (159.3 ± 5.7 ppm) and A. cadamba (99.1 ± 0.7 ppm) ( Table 1) .
However, the extracts from L. indica, M. chamomilla, R. chinensis and S. africanus showed lower levels of total phenolics ( Table 1 ). The result was highly consistent with the finding of DPPH radical scavenging activity (Velioglu et al., 1998) . Also Zhou and Yu (2006) reported that total phenolic content of the tested vegetable extracts was correlated with the DPPH radical scavenging activity, suggesting that total phenolics can play a major role in the antioxidant activity of plant materials.
Total flavonoids content
The highest TF content of the methanol extracts was found in A. sessilis (156.3 ± 1.7 ppm), followed by E. prostrata (55.5 ± 1.8 ppm), C. tora (41.9 ± 1.4 ppm) and A. cadamba (22.5 ± 1.8 ppm) (Table 1) , showing same tendency to results of TP. The differences were very significant (P<0.05). C. asiatica, G. oblonga, and R. chinensis showed the lowest content of total flavonoids (12.5, 12.5 and 12.1 ppm, respectively) (Table 1) .
DPPH radical scavenging activity
Methanol extracts of A. sessilis had the highest DPPH radical scavenging activity, followed by E. prostrata, C. tora and A. cadamba, indicating over 90% more than at 1000 ppm.
Especially, their values showed higher activity than the synthetic antioxidant BHT, with 66% activity. All samples of plant species proved that DPPH radical scavenging activity is dose-dependent, and their activities depend on plant species.
ABTS free radical activity
The free radical scavenging ability of 15 Vietnamese wild Total phenolics content (TP), total flavonoid level (TF), DPPH radical scavenging activity (DPPH), ABTS free radical scavenging activity (ABTS), and nitrite scavenging activity (NSA).
plants was also determined using ABTS radical cation. ABTS radical cation has been often used in the evaluation of antioxidant activity of single compounds and complex mixtures of various origins (body fluids, foods, beverages, plant extracts). In this assay ABTS radical cation was generated directly in stable form using potassium persulfate. Generation of radical before the antioxidant was added to prevent interference of compounds, which affect radical formation. Methanol extracts of A. sessilis had the highest ABTS radical scavenging activity and followed by E. prostrate, C. tora and A. cadamba, indicating over 94% more than at 1000 ppm extracts.
Nitrite scavenging activity
The nitrite scavenging activity for the 15 plant extracts at pH 4.0 was ranged from 59 to 92%. Methanol extracts of A. sessilis had the highest nitrite radical scavenging activity (91.73%) and followed by S. africanus and C. asiatica, indicating over 80% more than at 1000 ppm extracts.
Discussion
The research of new natural antioxidants has gained momentum because of their positive role in prevention and treatment of some diseases and pose no health risk to consumers (Wanasundara et al., 1997) . In order to achieve desirable results in diseases' prevention and treatment only natural products with high content of phenolics and high free radical activity has to be used (Leontowicz et al., 2007; Saxena et al., 2007) . Therefore, content of phenolics and free radical activity of the leaf part of 15 Vietnamese wild plants were determined by classical methods.
It was found that the content of the total phenolics and flavonoids in methanol extracts of most of the studied plants was high and varied significantly, depending plant species.
The highest content of phenolics or flavonoids was in A. sessilis, E. prostrata, C. tora and the lowest L. indica, M.
chamomilla, R. chinensis and S. africanus. Other studies found that the content of phenolics was highly consistent with the finding of DPPH radical scavenging activity (Velioglu et al., 1998) . Also Zhou and Yu (2006) reported that total phenolic content of the tested vegetable extracts was correlated with the DPPH, ABTS and nitrite radical scavenging activities, suggesting that total phenolics can play a major role in the antioxidant activity of plant materials.
It was observed that also the radical scavenging activity in methanol extracts of most of the studied plants was high and varied significantly. Especially, methanol extracts of A. sessilis had the highest DPPH radical scavenging activity, which was higher than that of a synthetic antioxidant BHT.
Also other reported that antioxidant activity of some plants was higher than of synthetic antioxidants (Lee et al., 2003) . 1,1-diphenyl-2-picrylhydrazyl radical assay was about 0.97 (Jastrzebski et al., 2007) . It was also shown that fifty percent of ethanol extract from mate tea had the greatest antioxidant activity (Jastrzebski et al., 2007; Jung et al., 2008) . The methanol extract of Ulmus davidiana (Jung et al., 2008) exhibited strong antioxidant activity in the tested model systems. U. davidiana extracts may be exploited as biopreservatives in food applications as well as for health supplements of functional food, to alleviate oxidative stress.
In summary, this investigation shows that the content of total phenolics and total flavonoids in some of Vietnamese 
